genes 32, 46, and 47 caused decreased recombination, amber mutations in genes 30, 41, 42, 43, 56, 61, and 62 caused increased recombination, whereas mutations in genes 63 and 37 showed no demonstrable effect on recombination.
Recombination experiments were performed to assess the affect of amber mutations in 12 genes of T4D bacteriophage on genetic recombination. Crosses were performed in various suppressor-containing bacterial hosts to permit the production of progeny phage. Amber mutations in genes 32, 46, and 47 caused decreased recombination, amber mutations in genes 30, 41, 42, 43, 56, 61, and 62 caused increased recombination, whereas mutations in genes 63 and 37 showed no demonstrable effect on recombination.
Genetic and biochemical investigations with T4 and X bacteriophages have indicated that one or more bacteriophage genes participate in genetic recombination after phage infection (4, 9, 11, 12) . The more than 50 genes identified in T4 bacteriophage have been classified into groups which affect early and late bacteriophage functions (5, 6) . We selected amber conditional lethal mutations in 11 early function genes and 1 late function gene of T4D bacteriophage and attempted to ascertain their effect on recombination and on heterozygosis of progeny phage. Since most of the amber mutants (2) . For each amber gene tested, simultaneous crosses of am+r7O by am+r2-20 in each of the host strains were carried out. In each experiment, a minimum of 250 total progeny and 250 rII+ recombinants were counted. Heterozygotes for the r48 marker were determined by scoring for mottled plaques (8) . Control crosses of am+r48 X am+r48+ were done simultaneously, and all scoring was done from coded plates to prevent bias. The gene 47 mutant, amA456, produces small plaques when plated on E. coli CR63 171 , and 47. In these cases, recombination was decreased as a result of amber mutations. Since the mutants in genes 46 and 47 produce some phage in the nonpermissive host E. coli B, recombination levels were also examined in this strain. As can be seen in Table 1 , there was a 6-to 10-fold decrease in rII recombination in the presence of amber mutations in these two genes. Similar decreases were also seen in crosses with parental phage which contained two amber mutations, one in gene 46 and one in gene 47. There is no obvious relationship between burst size and recombination. For example, low burst size is associated with unchanged recombination (gene 63), with elevated recombination (gene 42), and with reduced recombination (gene 47). Table 2 shows the results obtained from measurements of the frequency of r48 heterozygotes in lysates from crosses done with stocks containing different amber mutations. Amber mutants which affect recombination levels similarly affect heterozygote frequencies. For example, with amE219 (gene 61), there was approximately a 4-fold increase in r48 heterozygotes in crosses done with suC host cells (Table 2 ) and a corresponding 4.8-fold increase in the r70 to r2-20 recombination frequencies (Table 1) .
Amber B22 (gene 43) is the only case in which the recombinational effect, in this case increased recombination, was not parelleled by a similar increase in heterozygote frequency. Although the heterozygote frequency is higher in the presence (5, 6) . Gene 61 causes a delay in the synthesis of phage-specific DNA after infection of the nonpermissive host (5 
